The aim of this study is to examine spatio-temporal patterns over Lahore during 2000-2015 using tasselled cap transformation (TCT) technique, to extract information about urban vegetation and underlying bare soil in a highly-urbanized area. The focus is to validate T-cap components against normalized difference vegetation index (NDVI) and bare soil index (BI) in order to develop a range for T-cap on a scale of 0-1 for classification of landcover, that is linked with physical characteristics of the scene, without any dependence upon indices. OTSU thresholding was applied on ETM+ images. T-cap greenness component (TCG) and NDVI performed best with kappa coefficient (k) from 0.41-0.61 (R sq.=0.96-0.98) while T-cap brightness (TCB) and BI reaches only k=0.25 with least level of agreement. Overall accuracy ranges from 62%-79%, whereas spring season, month of March, 2010, achieves the highest accuracy. Generally, for TCG values greater than 0 represents vegetation, while for TCB values within 0.15-0.35 indicate bare soil. It was observed that BI > 0.35 signifies planned blocks for future builtup areas.
Introduction
Nowadays, remote sensing techniques and satellite imageries have been employed to monitor significant land disturbances, spatially and temporally. Generally, pre and post classifications are in use for change detection (CD). Data transformation technique, like tasselled cap (TCT) is widely accepted due to its ability to compress spectral data into few informative bands. These bands are linked with physical characteristics of scene [1] . T-cap was used to study development stages of crops [2, 3] and they found growth of plants in a shape of "tassel" [4] , hence named after.
The objectives of this study is to test the results of T-cap components, i.e. TCG and TCB, in a highly urbanized area by extracting information about urban vegetation and underlying bare soil. At the end of this research we are now able to identify the land features using only T-cap values.
Materials

Study Area
Lahore, the provincial capital city of Punjab, is geographically located at 74°01′-74°39′ N and 74°01′-74°39′ E [5, 6] and (Figure 1 ) .It belongs to semi-arid category, with extreme summers and cold winters. 
Landsat TimeSeries
A set of nearly cloud free images of ETM+ were downloaded from GLOVIS around spring time as it has least heat index [7] and highlights vegetation differences [8] (Table 1) . These images were then processed in ENVI 5.2® [9] , ERDAS 2013® [10] , ArcGIS 10.1® [11] , and MATLAB 2013b® [12] . 
Results
Per-Processing
Stacked images (bands:1-5, & 7) with SLC-off gaps were filled using methodology defined by USGS [13] . Each band was renamed to its original nomenclature as mentioned in metadata (MTL file) before converting into Top-of-Atmosphere (TOA) reflectance. During radiometric calibration, slight variation in gain and offset were observed, which will introduce negative bias, unless corrected to latest numbers by USGS [14] . These images were used as input for tassel cap computation and were subset to study area at 3759-6212 samples and 3023-5675 lines. It was a necessary step to avoid operational failure during thresholding, which was performed in MATLAB using OTSU algorithm [15] . It was preferred due its simplicity and stability [16] . Function of 'greythresh' introduced by Carl Salvaggio [17] was applied on T-cap images and on normalized difference vegetation index (NDVI) [18] and bare soil index (BI) [19] . The Band math formula for NDVI and BI are:
Where, b1 and b2 are NIR and Red bands in NDVI while b1, b2, b3, and b4 are MIR, Red, NIR, and Blue bands of Landsat 7 in BI, respectively.
Classification and Accuracy Assessment
All images of TCG, TCB, NDVI and BI were classified into three equal intervals (low to high values) in raster slice using OTSU values as initials. Ten pairs at an interval of 0.001 on both positive and negative sides of threshold were created. Accuracy was accessed as TCG vs. NDVI and TCB vs. BI using confusion matrix, as classification is incomplete without assessing its accuracy [20] . Coefficients of Determination (R2) was evaluated on each raster of 2454 x 2653 sample and lines, using script of MATLAB, wrote by Jered Wells in 2011 [21] . Furthermore, RMSE and 2D correlation were also calculated ( Table 2) . Where TG = T-cap Greenness, TB = T-cap brightness, VI = Normalized Difference Vegetation Index and BI = Bare Soil.
Results and Discussion
Out of 10 pairs of classified images, only selected sets with highest accuracy are mentioned in Figure 2 . The highest value of R2 is 0.9814 with Corr = 0. TCT parameters are depended upon geography and seasons and its components are not stable within different geographical locations and seasons (Liu et al. 2015) . Generally, higher values in range of these images represents their respective information except for BI, shown in Table 3 . Where TG = T-cap Greenness, TB = T-cap brightness, VI = Normalized Difference Vegetation Index and BI = Bare Soil.
It was observed that least correspondence exist between TCB and BI although both aims to enhance information about bare soil. But they are inversely proportional, where there is high value of bare soil in TCB, BI has high value for urban areas. While TCB higher values describe information about soil in form of planned blocks (area for future built-up) or clear vegetation plots along with slum localities. Although, it was observed that, somehow T-cap brightness misinterprets land pixels when surrounded by urban areas. On the other hand, TCG and NDVI is directly proportional to each other up to 79% of overall accuracy. Observed ranges of TCT components are generalized in Table 4 . Where TCG = T-cap Greenness, TCB = T-cap brightness.
Conclusions
The greenness and brightness component of T-cap has not only reduced the data size but also highlighted the information about land cover. In this paper, we aimed to study the performance of tasselled cap in a highly urbanized area with indices. We were able to achieve accuracy of R = 0.98 for TCG vs. NDVI in month of March, the spring season of 2000. While R = 0.12 was for TCB vs. BI in 2010. It was observed that there existed a very low correlation among TCB and BI. Land classification can be extended to check its validity in desert, shoreline, high altitude geographical locations etc., using these ranges of T-cap.
T-cap values should be verified on high resolution imagery in order to define some localized ranges for all type of land features. Future studies should incorporate different geographical, seasonal and land cover scenarios, to evaluate quality of TCG and TCB ranges. It is recommended to use ENVI 5.x as it support changes made by USGS in metadata file (MTL) of Landsat in 2014 [14] .
